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On one hand, membrane proteins are cells first line of defense, and on the other, a communications freeway. Thus, membrane
proteins’ structure and function are of fundamental interest. However, there is a snag: membrane proteins are challenging to isolate
and characterize. In this minireview, Perez-Aguilar and Saven discuss how the design of membrane proteins contributes not only to
introducing new functionalities into these systems, but to deepening our understanding of the general principles of biological function.
Special Review Collection: Life on Periphery
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Numerous modules or domains target their host proteins to particular cell membranes in a temporally or spatially regulated way. The
first described examples, including PH, FYVE, and PX domains, specifically recognize the headgroups of phosphoinositides.
However, as the number of known membrane-targeting domains has grown, so has the diversity of membrane recognition modes.
As described in the review by Moravcevic et al., some examples require the simultaneous presence of two binding targets in the
membrane. Others recognize general physical properties of the membrane such as curvature or membrane charge. Full under-
standing of how these modules interact with membranes will require new structural approaches.Telomerase and Telomere-Associated Proteins
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The simple GT-rich repeats that terminate eukaryotic chromosomes belie the complex mecha-
nisms for maintenance and replication required of these ends. Structural studies have proven
invaluable in identifying the underlying mechanisms of telomere maintenance. They have also
revealed commonalities within and elaboration of these mechanisms throughout evolution.
Here, Lewis and Wutke provide an overview of structural understanding of the proteins that
bind to and maintain telomeres as well as the specialized replicative enzyme telomerase.
Seeing Double: SAM/SAM
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Although the sterile alpha motif (SAM) mediates protein/protein interactions in over 200 proteins,
the structural basis for these interactions is not yet clear. Here, Lee et al. describe a structure of the EphA2-SHIP2 SAM/SAM
heterodimeric complex. Structural work is complemented by molecular dynamics and docking simulations, and combined analyses
point to the fluctuations in the complex, which drive the system towards alternate, higher energy conformations. Functional charac-
terization reveals two previously unrecognized functions of SHIP2 in suppressing ligand-induced activation of EphA2 and in
promoting chemotactic cell migration in coordination with the receptor.
Histidine Kinases Transmitting the Signal
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To respond to their external environment, bacteria must pass information to the cell interior. They achieve this via transmembrane
receptors, which transmit signals from a sensor module to an intracellular effector, controlling its activity. As sensor and effector
are separated by the cell membrane, this signal must be transduced by internal conformational changes. Ferris et al. have previously
established that the signal takes the form of axial rotation of helical linking segments. Here, the authors show how the signal is relayed
to the most common form of effector module, the histidine kinase, leading to a detailed model for regulation of kinase activity.
Great Oxygen Catastrophe and Aerobic Metabolism
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The rise of aerobic metabolism followed the Great Oxygen Catastrophe, the event in Earth’s history when biologically generated free
oxygen appeared in the atmosphere. Kim et al. analyze nearly a thousand genomes, and by tracing structural census of protein
domains, reveal that the most ancient reaction of aerobic metabolism appeared 2.9 billion years ago. This primordial reaction
involved synthesis of pyridoxal 50-phosphate or pyridoxal and the most likely oxygen source
for the reaction was manganese catalase, which appeared at the same time and could have
generated oxygen as a side product of radical detoxification.Alternatively Splicing and Receptor Autoinhibition
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Fibroblast growth factor receptor tyrosine kinases (FGFRs) are key mediators of intercellular
communication in mammals. When FGFR activity goes awry it can lead to a variety of human
cancers and congenital syndromes. Thus, multiple levels of self-regulatory defense mechanisms
have evolved to curtail FGFR activity in its basal state. Here, Kalinina et al. unveil a mechanism
by which FGFRs are autoinhibited. The authors propose that different receptor tyrosine kinases
employdistinct autoinhibitorymechanisms that are tailored to their specificphysiological functions.Structure 20, January 11, 2012 ª2012 Elsevier Ltd All rights reserved v
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Plague, causedby thebacteriumYersinia pestis, remains aseriousproblem indeveloping countries. Apromising andunexploiteddrug
target is the enoyl-ACP reductase FabV,which is essential for the fatty acid biosynthesis in bacteria but not in human.Hirschbeck et al.
describe structures of FabV in complexwith its cofactorNADHandwith twonewly developed inhibitors. The structures provide unique
insights for the development of alternative lead compound and suggest a mechanism by which the substrate binding-loop opens to
admit the inhibitor, a motion that could also be coupled to the interaction of FabV with the acyl-carrier-protein substrate.
Deazaflavin-Dependent Nitroreductase
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Tuberculosis continues to be a global health threat, making bicyclic nitroimidazoles (including PA-824) an important new class of
therapeutics. The toxicity of these compounds is mediated by a deazaflavin-dependent nitroreductase (Ddn) from Mycobacterium
tuberculosis. Here, Cellitti et al. describe structural analysis of Ddn and present several structures of a truncated, inactive Ddn protein
core with and without bound F420 deazaflavin coenzyme as well as of a catalytically competent homolog from Nocardia farcinica.
Structural and biochemical characterization of the wild-type and mutant proteins identified residues important for F420 and
PA-824 binding.
Forcing the Reconstruction
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The pause observed in the discovery of new structural folds implies that unknown structures of very large proteins are built with
domains whose structures are already defined. Thus, using external constraints it should be possible to reconstruct large protein
structures using their constituting domains. The innovative protocol described by Trinh et al. demonstrates the assembly of large
macromolecules at the atomic level using topographic surfaces obtained from atomic force microscopy. The family of techniques
available in structural biology projects is expanding to include scanning probe microscopy and promising perspectives are being
opened for large and flexible proteins.vi Structure 20, January 11, 2012 ªStressed Out in Bacterial World
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In Klebsiella pneumoniae, the outer membrane protein KpOmpA mediates adhesion to a wide
range of cells and stabilizes Gram-negative bacteria by anchoring their outer membrane to the
peptidoglycan layer via peptidoglycan-binding domains (PGBDs). Environmental factors can
stress the outer membrane. To investigate how KpOmpA reacts to such mechanical stress,
Bosshart et al. applied mechanical force to individual PGBDs and observe KpOmpA unfolding
in distinct steps. Each step reflects the unfolding of secondary structural elements and absorbs
mechanical energy. After relieving stress, KpOmpA reversibly folds back into the membrane.
These results suggest that bacteria can exploit reversible folding pathways of membrane
proteins in response to mechanical stress.A Master Switch in NTPases
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Bacillus stearothermophilus tryptophanyl-tRNA synthetase catalyzes tryptophan activation using a cycle of different conformational
states. Weinreb et al. show that the conformational changes are essential for the catalytic effect of the Mg2+ ion cofactor. Combi-
natorial mutagenesis at four sites remote from the active site alters relative stabilities of the conformations along the reaction coor-
dinate. Cooperative action of all four sites accounts for the entire catalytic role of Mg2+. Catalysis of ATP utilization byMg2+ therefore
occurs if and only if the conformation changes. This type of allosteric effect may explain vectorial coupling in transducing NTPases.
PPARg Agonism Gets a Grade
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Hughes et al. report the direct observation of ligands sampling multiple binding modes within the ligand-binding pocket of PPARg in
a manner consistent with the functional profile of the ligand. The authors demonstrate that the graded transcriptional response of
ligands is associated with the degree of receptor stabilization and presence of intermediate conformational exchange within regions
important for function. The results suggest that ligand and receptor dynamics affect the graded transcriptional output of PPARg
modulators and play a role in the ability of ligands to block Cdk5-mediated phosphorylation of PPARg—the mechanism of action
afforded by antidiabetic PPARg ligands.
What Makes MRG Domains Bind Tight?
PAGE 151
Diverse multiprotein complexes that mediate essential cellular processes such as transcription regulation, DNA replication, recom-
bination, repair, and RNA splicing interact with and interpret various chromatin signals. The methyllysine-binding MRG15 protein is2012 Elsevier Ltd All rights reserved
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MRG15MRGdomain in complexwith the Pf1 subunit of the histone deacetylase-associated Rpd3S/Sin3S complex and identify rules
of protein-protein association involving MRG domains. Multiple MRG15 interactors including PALB2, MRGBP, PAM14, and PTB1
share a conserved FxLP motif with Pf1 crucial for high-affinity MRG binding.Regenerating Symmetry
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The high frequency of internal structural symmetry in common protein folds is presumed to
reflect their evolutionary origins from the repetition of ancient peptide modules. Unexpectedly,
a sequence and structural analysis of symmetric subdomain modules within an abundant and
ancient globular fold reveals that modular evolution is not simply a relic of the ancient past, but
an ongoing and recurring mechanism for regenerating symmetry. To test this evolutionary
hypothesis, Broom et al. reconstructed a single subdomain module and repeated it to form
a newly three-fold symmetric globular protein, ThreeFoil. ThreeFoil has near perfect structural
symmetry, is highly stable, and multivalently binds carbohydrates.
Get Your Vitamin B6
PAGE 172
Vitamin B6 biosynthesis in the malaria-causing pathogen requires the 700 kDa Pdx complex. Gue´dez et al. determined a structure
of the complex and studied the assembly process. The authors describe an interesting observation that complexes form higher order
oligomers and assemble into fibers. Furthermore, they provide explanations for activation of the Pdx1 enzyme and the workings of an
unusual transient ammonia tunnel in this glutamine amidotransferase type enzyme.
Survivin and DIABLO
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Survivin is implicated both in apoptosis and mitosis. In apoptosis, it was shown to recognize the Smac/DIABLO protein. It also
functions as a component of the chromosomal passenger complex for recognition of histone H3T3ph in mitosis. Du et al. describe
structures of Survivin in complex with H3T3ph, unmodified H3, and SmacN peptides. In addition, the calorimetric data establish that
Survivin binds tighter to the H3T3ph-containing peptide relative to the SmacN peptide and that this preference can be reversed
through structure-guided mutations.Structure 20, January 11, 2012 ª2012 Elsevier Ltd All rights reserved vii
